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PREFACE

This report presents the results of an investigation by ORI, Inc. of
pilot error related accidents in helicopters to identify areas in which new
technology could reduce or eliminate the underlying cause of the human errors.
ORI drew from the aircraft accident data base at the U.S. Army Safety Center
at Fort Rucker, Alabama, as the source of data on helicopter accidents.

This study was performed by ORI, Inc. as Task 16 of NASA Contract
NASW 3554, The report is intended for use by the National Aeronautics and
Space Administration in preliminary planning of aeronautical research.

The authors gratefully acknowledge the very helpful assistance of the
U.S. Army Safety Center in providing access to the Army's aircraft accident
data base as a source of data for this study. The authors also want to thank
Mr. Les Kerfoot and Mr. Paul Stringer for their many helpful suggestions in
the preparation of this report.
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SUMMARY

The pilot is cited as a cause or related factor in most rotorcraft
accidents. This report presents an investigation of pilot error related
accidents in helicopters to identify areas where the application of new
technology could contribute to preventing or reducing the severity of such
accidents. The study was conducted by ORI, Inc. under contract with the
National Aeronautics and Space Administration (NASA) as an input to their
aeronautical research planning activities.

At the request of NASA, the U.S. Army Safety Center (USASC) provided
access to Army aircraft accident investigation reports for helicopter accidents
in which human error was determined to be a cause factor. With the cooperation
of the USASC staff, ORI personnel performed an in-depth review of 110 accident
investigation reports, which were a randomly selected sample of 72 percent of
the major (Classes A and B) helicopter mishaps attributed to pilot error during
fiscal years 1931-1983. The aggregated cost estimates for the accidents
included in the study exceeded $62 million and involved 33 fatalities and
155 non-fatal injuries. The data base was handled in a manner that assured
that all non-technical accident specifics considered to be sensitive informa-
tion were omitted.

Army aircraft accident records were used for the study for three major
reasons. First, the combination of the Army's accident investigative methods
and extensive use of helicopters provided an aircraft accident data base
involving a wide variety of missions. These missions were performed largely
by single-rotor helicopters under 10,000 pounds gross weight, and the data
were considered to be sufficiently generic to allow some insight into civil as
well as military helicopter accidents.

Second, the Army data base could provide a wide range of events for
analysis since human error was cited by the USASC as a factor in most (75
percent) Army aircraft mishaps.

Third, other investigators had not found the data base on civil
helicopter accidents to contain information of sufficient detail to adequately
assess technology needs.

In conducting this study, ORI selected a task element analytical
approach. This approach involved review of the accident records on a case-by-
case basis to examine the human task errors and sequence of events for each
mishap and assess applicable technology implications. Since more than one



technology need could be identified for some mishaps, they were classified as
primary and secondary to facilitate aggregation by common groupings. The
distribution by primary groupings is shown in Figure 1.
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A1l of the technology implications identified from review of the 110
accident records fall into one or more of the following groups:

1. No apparent technology implications. The sequence of events
leading to the mishap occurred in such a way that no apparent
applications of advanced technology could reasonably be
identified for a pilot-controlled aircraft.

2, Vehicle design alternatives for eliminating the tail rotor.
3. Advanced flight simulators for pilot proficiency training.

4. Advanced flight control and display systems to reduce pilot
workload for aircraft control.

5. Obstruction detection devices to enhance human capability and
reduce or eliminate dependence on human vision for detection,
identification, and determination of distance.



6. Automated monitoring and diagnostic systems to aid the pilot in
monitoring flight-critical systems, reduce cockpit instrument
scan, and provide diagnostic information on conditions affecting
aircraft performance (e.g., power required versus pover
available, trends in engine parameters, impending failure/
malfunction warning, etc.).

7. Contingency pouer capabilities for short use in situations where
power demands required to save the aircraft exceed the rated
power available.

It is recognized that product improvements using current technology
can meet in various aspects some of the needs listed above, but it is apparent
existing technology cannot resolve the full scope of all of these needs.
Technology areas in which there appears to be a need for new or increased
emphasis include:

a. Vehicle designs which eliminate or significantly reduce the
hazards of the tail rotor.

b. Advanced flight simulators for pilot training in emergency
procedures.

c. Advanced flight control and display systems.
d. Obstruction detection devices.
e. Automated monitoring and diagnostic systems.
f. Contingency power capabilities.

Based on the results of the review and analysis discussed in the
report, the following recommendations are made for NASA consideration:

1. NASA examine research activities to plan specific tasks for
advancing technologies identified in this report which can, if
applied, substantially reduce pilot error as a cause factor in
helicopter accidents and provide, as a benefit, the savings to
be achieved by reducing accident costs.

2. NASA, in coordination with the U.S. Army, investigate the human
factors aspect of pilot techniques which may involve attempts to
knowingly operate an aircraft outside the design flight profile
capabilities of the aircraft.

3. NASA, in coordination with the FAA, military services, and civil
helicopter users, establish a task force to investigate the
relationships betuween required pilot workload and human error as
a cause factor in helicopter accidents.






1. INTRODUCTION

According to the Federal Aviation Administration (FAA), the U.S.
active civil helicopter fleet has increased since 1960 at an average annual
growth rate of 12.5 percent. This growing pervasiveness of civil rotorcraft
usage and concern for the rate of occurrence of accidents had prompted the
National Transportation Safety Board (NTSB) to conduct a special study of
rotorcraft accidents.! The NTSB study found that the pilot is a major factor
in rotorcraft accidents.? The NTSB cited the pilot as a cause or related
factor in more than 64 percent of the 839 accidents reviewed.

In May 1934, the National Aeronautics and Space Administration
(NASA), requested that ORI, Inc. investigate pilot error related accidents in
helicopters to identify those areas where new technology could have been a
contributing factor for avoiding or reducing the severity of the accident,
This effort was initiated to assist NASA in their aeronautical research
planning activities.

Discussions with the sponsors and participants in an FAA-contracted
study indicated that a review of the accidents records in the NTSB data base
on helicopter accidents would not provide sufficient detailed information on
specific events to assess the technology implications of pilot error related
accidents. As an alternative, ORI proposed that the U.S. Army's data base on
helicopter accidents be used for the study if sufficient detailed information
could be made available. The U.S. Army and civil helicopter fleets are
comprised mostly of single-rotor helicopters with gross weights of less than
10,000 pounds. Several of the more widely used models are similar in design
(e.g., Bell 206A Jet-Ranger and OH-53A), have similar flight instruments, and
involve comparable pilot functions for most phases of flight. An analysis by
the U.S. Army Safety Center (USASC) staff of U.S. Army aircraft accidents from
fiscal years 1973 to 1982 shows that human error wWas the cause factor in 75

lRotorcraft Master Plan, Baseline Report Revision No. 1, Federal Aviation
Administration, May 1983.

2NTSB Special Study, "Review of Rotorcraft Accidents, 1977-1979,"
NTSB-AAS-81-1, National Transportation Safety Board, WAshington, D.C.,
August 1931.




percent of the major aircraft accidents experienced by the U.S. Army3 and
hence would provide a suitable data base for the ORI analysis.

At the request of NASA, the Commander, U.S. Army Safety Center, Fort
Rucker, Alabama, granted permission for the ORI team to visit the U.S. Army
Safety Center (USASC) and review aviation accident investigation reports to
determine the nature of the data available on helicopter accidents. A prelim-
inary visit to Fort Rucker and discussions with USASC personnel indicated that
sufficient documentation was available in the USASC data base to support an
in-depth analysis of the technology implications involved in pilot error
related accidents.

With the cooperation of the USASC staff, ORI personnel performed an
in-depth review of 110 accident investigation reports selected randomly from
the 153 Class A and B helicopter pilot error mishaps which occurred during the
fiscal years 1981-1933 time period. Data forms were prepared to list pertinent
information concerning each mishap and an initial assessment made of technology
implications of the human error aspects of the accident. This information was
then summarized by mishap reference numbers on spreadsheets for further
analysis and aggregation into areas of technology needs which, if advances in
technology were applied, appeared to have the most promise for reducing or
eliminating human error as a cause factor in helicopter accidents. Table 1
presents an overview of the results of review.

TABLE 1

SUMMARY OF HELICOPTER PILOT ERROR ACCIDENTS
AGGREGATED BY AREAS OF TECHNOLOGY NEEDS

Number of Cost Estimates
Areas of Technology Needs Number of | Number of | Injuries
Mishaps | Fatalities | Non-Fatal Amount Percent

No Apparent Technology Implications 5 0 15 $ 5,828,440 9.3%
Alternatives to the Tail Rotor 6 0 8 1,768,799 28
Advanced Flight Simulators 21 5 17 13,216,408 211
Advanced Flight Controls and Displays 25 8 23 15,394,824 246
Obstruction Detection 20 13 42 11,952,376 191
Automated Monitoring and Diagnostic Systems 29 7 4 12,022,725 19.2
Contingency Power 4 0 9 2,446,922 39
Totals for Records Reviewed* 110 33 155 $62,630,494 100.0

* Records reviewed included a randomly selected sample of 72 percent of the Class A and B helicopter
mishaps attributed to pilot error during fiscal years 1981-1983

SReeder, M.J., et al., "Investigation, Reporting and Analysis of U.S. Army
Aircraft Accidents,” Paper Reprinted from AGARD Conference Proceedings
No. 347, North Atlantic Treaty Organization.
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Section II of this report presents a description of the source of
data and the forms used for the ORI review. The analysis of the data and
assessment of technology needs are presented in the next two sections of the
report. Section V presents a comparison of the technology needs with ongoing
and planned research and technology activities and proposes areas for new
technology. The final section presents ORI's conclusions and recommendations.

This study effort was performed by ORI, Inc. as Task 16 of NASA
Contract NASW 3554,






II. NISCUSSION OF DATA SOURCE

The data base selected for this investigation of pilot error related
accidents in helicopters is comprised of Technical Reports of U.S. Army Air-
craft Accidents for helicopter mishaps occurring in fiscal years 1981, 1932,
and 1983. In support of the objective of this NASA-sponsored analysis, the
U.S. Army Safety Center provided access to Army records for helicopter acci-
dents in which human error was determined to be a cause factor.

Army aircraft accident investigation reports are prepared and safe-
guarded in accordance with Army Regulation 335-40, "Accident Reporting and
Records.” The reports are comprised of a series of data forms (DA Forms
2397-R series) and attachments prepared by the accident investigation board
assigned to investigate a specific mishap. For serious accidents which
involve loss of life, disabling injuries, or extensive damage to aircraft or
property, a minimum of four investigators are appointed to the accident board.
At least two board members must be Army Aviators on flying status, one must be
a medical officer, and the other must be an aircraft maintenance officer.
Other technical skills may be appointed to the board as required to carry out
the investigation.

Army accident records were used for the study for three major reasons.
First, the U.S. Army operates an extensive fleet of helicopters for a wide
variety of missions. The Army's aircraft accident investigative methods
therefore tend to focus on acquiring and documenting information on helicopter
mishaps which can be used to resolve human errors, material failures, and
environmental factors leading to accidents. The combination of these factors
would help to assure that the myriad uses of helicopters in the military as
well as the civilian sector would be adequately represented in the data base.

Second, the Army experienced an average of 91 major accidents per
year from fiscal years 1978-1982 and a substantial portion (75 percent) of
these accidents were attributed to human error at an estimated average cost of
$27.6 million per year."* This fairly large sample size would present a wide
range of events for analysis. By reviewing a sufficiently large sample, it
was felt that human error accident trends, if any, would become more readily
evident.

“Reeder, M.J., Op. Cit., p. 1-1.



Third, the accident data base on civil helicopter accidents was not
found by other investigators to contain information of sufficient detail to
assess technology needs.

An ORI team worked on-site at the Fort Rucker facility for two weeks
to analyze the events and technology implications of individual case records.
During this period, the team reviewed 110 pilot error accident records randomly
selected from available reports on Class A and Class B accidents. The review
covered about 72 percent of the Class A and B mishaps attributed to pilot
error for fiscal years 1981-1933. From those selected, 36 occurred in fiscal
year 1981, 43 in 1932, and 30 in 1983. Sixty-seven percent were Class A and
33 percent were Class B accidents. As defined by the Army, Class A accidents
are those that result in a fatality or permanent total disability to an
individual, or total loss of an airframe, or property damage and injury costs
which exceed $500,000. Class B accidents are those that result in hospitali-
zation of 5 or more persons, or one or more permanent partial disabling
injuries, or property damage and injury costs between $100,000 and $500, 000,
The total cost estimate of the 110 mishaps considered in the review was
$62,630,49%4,

Review of the 110 case records at Fort Rucker focused initially on
Accident Board findings and detailed descriptions of accident sequence of
events., Examination of photographs of crash sites and post-crash conditions
of helicopters was very useful in placing accident events in their proper and
understandable perspective. Additional information derived from the mishap
reports included type of accident, operating weight, mission, phase of
operation, time of day (day, night, dusk), type of flight clearance, terrain
conditions, pilot experience, type of accident events, and related materiel
malfunctions.

A sample of the data forms used to guide data acquisition for the
study is shown in the Appendix. The forms were derived from Department of the
Army Pamphlet 335-95 on "Safety, Aircraft Accident Investigation and Report-
ing," with some modifications to omit sensitive information, such as specific
references to persons, operational units, location, and date of individual
events. To further safeguard the sensitive aspects of Army records, the ORI
team assigned its own reference numbers to each modified data form, with
traceability retained only by the U.S. Army Safety Center.

The modified data acquisition forms were used to assemble information
in spreadsheet format for comparative analysis and aggregation of technology
needs. The data forms for individual mishaps were then destroyed to further
protect Army control over the source of the data.
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ITI. DATA BASE ANALYSIS

A1l of the information derived from the mishap reports was analyzed
to assess facts, conditions, and circumstances that could contribute to deter-
mining technology needs. The results of this data base analysis are discussed
in this section of the report.

In considering the applicability of technology needs to civilian and
military uses of helicopters, it is important to note that virtually all of
the accidents reviewed involved flight operations with at least two crew
members. The co-pilot, or in some cases an instructor pilot, was at least
available to provide assistance in areas such as determining visual cues,
monitoring instruments and avoiding obstacles. Such may not be the case in
certain civilian applications where the entire workload may be vested with the
pilot as the sole crew member.

Most (35 percent) of the mishaps occurred on flights operating under
visual flight rules on local flight clearances; the other mishaps occurred on
itinerant flights under visual flight rules. Weather conditions uere deter-
mined to be a contributing factor by the investigative boards in less than 11
percent of the mishaps. A low rate of occurrence (16.7 percent) of post-crash
fires was also noted, which may be attributed to extensive use of crashworthy
fuel cells in Army aircraft.

Table 2 summarizes the mishaps by aircraft type, time of day (1light
conditions), and other significant circumstances or events pertinent to
assessing technology needs. The distribution of mishaps by aircraft type
appears to be primarily influenced by the composition of the Army helicopter
fleet. Although low visibility conditions at night or dusk had an influence
on some mishap events, most (76.4 percent) of the accidents occurred during
daylight hours.

Over one-third of the mishaps involved circumstances or significant
events summarized in the table. About 17 percent occurred during practice
autorotations and simulated emergencies during pilot proficiency training
flights. This suggests a potential need for using advanced flight simulators
for flight proficiency training. In-flight equipment malfunctions led to
improper pilot actions in 9 percent of the mishaps. Such events indicate a
need for improvements in monitoring and diagnostic capabilities for flight-
critical systems. In addition, those pilot errors (7.3 percent) resulting
from unexpected instrument meteorological conditions (IMC) highlight a need to
further improve the pilot's flight management capabilities by applying advanced
technology in flight control and display systems.
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TABLE 2

HELICOPTER ACCIDENTS BY AIRCRAFT TYPE,
TIME OF DAY AND SIGNIFICANT EVENTS

Time of Day Significant Events
Number Simulated

Alrcraft of Equipment Emergenci Practi Inadvertent

Type Mishaps Day Night Dusk Malfunctions {Power Loss) Autorotations MC

UH-1 44 M 9 1 4 2 7 3
OH-58 30 26 2 2 1 1 0 4
AH-1 19 12 7 0 2 1 5 1
CH47 7 6 1 0 2 0 0 0
UH-60 4 2 2 0 [} 1 (] 1]
OH-6 4 2 1 1 1 0 1 0
CH-54 1 1 0 0 0 1 0 0
TH-55 1 1 1] (/] 0 ] 0 0
Totals 110 84 22 4 10 6 13 8

The distribution of mishaps by type of mission and pilot experience
level in terms of rotary wing flying hours is shown in Table 3 below. The
flight hours for the crew member directly involved in the human error causing
the mishaps was used in this analysis. The lowest experience level (0-200)
group is considered to be in a "school environment" where their actions are
Closely monitored and supervised. Conversely, those pilots with over 1,500
hours rotary wing time tend to be the pilots in command and/or instructor
pilots. The distribution of mishaps in Table 3 by type of mission and pilot
time probably reflects flight time exposure, but specific data for investi-
gating that type of correlation was not available for analysis. A study by
NTSB of civil rotorcraft accidents shows that as many as two-thirds of the
pilots involved in civil rotorcraft accidents were flying in a professional
capacity. > Such statistics indicate that flight experience and pilot
qualifications do not provide an adequate means in themselves for eliminating
human error as a cause factor in rotorcraft accidents.

TABLE 3
HELICOPTER ACCIDENTS BY TYPE OF MISSION AND PILOT TIME
Pliot Time In Hours
Summation

201- 501- 1001- 1501- 2001- Over ot
Type of Mission 200 500 1000 1500 2000 3000 3000 Mishaps
e S I T U T I I O B
Service 1] 1 15 0 2 3 4 35
Maintenance Checks [/} 1 1 1 0 1 1 5
Sesrch and Rescue 0 0 1 1 [ 2 0 4
Summation of Mishaps 5 33 32 6 14 12 110

>NTSB Special Study, Op. Cit., p. 15.
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As shown in Table 4, over half of the mishaps involved collisions
with obstacles (29 percent) and collisions with ground (27 percent), which
includes hard contact at termination of an autorotation and powered landing.
This indicates that human vision may be inadequate for detecting obstacles to
safe flight and determining closure rates with the ground. The relative high
level of mishaps occurring during low level flight, hover operations and auto-
rotations further indicate that the human operator needs assistance to safely
control helicopter operations near the ground.

TABLE 4
HELICOPTER ACCIDENTS BY ACCIDENT TYPE AND PHASE OF OPERATION

Phase of Operation
=
o
-
2 3
£ o s E £
=l 3| E £ & ¥
z + o 2 w Fra c
& ° 4 = g 8
€ € ] 8 € £ s
2] 21| = % 3 F g
| 2| 8| w|s |8 |2 s | % 1l €| 2
Accident Type ® ° 2 g é ] 5 g E Z 3 2 g
- - S a < 3 [
Roll Over 1 3 4 3 2 13
Collision With
Alrcraft In Air 1 1 2
Alrcraft On Ground 2 1 3
Collision With
Ground 1 3 1 3 1 3 2 5 8 3 30
Water 1 1 2
Collision With Obstacles:
Wirea 1 1 4 1 2 9
Poles 2 2
Trees 5 1 6 1 2 1 18
Others (fence, rocks, etc.) 1 2 1 1 3
Rotor Strike on Fuselage 1 1 3 4 9
Loss Tail Rotor 1 3 1 5 8 3 19
Effectiveness
Total Mishaps 1 4 17 1 3 6 5 17 1 q 10 20 1" 110

This brief analysis of Army helicopter accidents indicates several
areas in which technology can be applied to reduce human error as a contribut-
ing cause of helicopter accidents. Specifically, these areas include advanced
flight control and display systems, advanced monitoring and diagnostic systems,
and advanced flight simulators for flight proficiency training. Evidence
indicates that too much dependence may have been placed upon the human pitot
to perform a complex set of functions in order to fully exploit the unique
Qpe(ational capabilities of the helicopter. The first two technology needs,
if integrated into the vehicle design with adequate man-machine interfaces,
could improve the pilot's flight management capabilities to handle necessary
human tasks in critical flight situations. Advance flight simulators could be
used to achieve and maintain flight proficiency skill Tevels while reducing
the risk of damage to the aircraft and, importantly, reducing associated
injuries and fatalities without damaging perfectly good aircraft which can be
used for other missions.
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The analysis of accident statistics and data on pilots, aircraft and
the operating environment provides a macro approach for assessing factors
affecting aircraft safety. In order to provide more insight into the circum-
stances and events which led to each mishap, ORI selected a task element
analytical approach. This approach involved review of the accident records
on a case-by-case basis to examine the human task errors and sequence of
events for each mishap. This methodology permitted the analyst to assess the
nature of the problems which need to be resolved and applicable technology
implications.

14



IV. ASSESSMENT OF TECHNOLOGY NEEDS

In the review of Army accident records, ORI assessed the technology
implications of each mishap by considering what happened, the sequence of
events which caused the accident to happen, and the human tasks involved in
these events. For example, an investigative board determined that an experi-
enced pilot, while executing a practice autorotation under dusk 1ight condi-
tions, erred by pulling the collective pitch at an altitude that was too high
during deceleration, resulting in a hard landing and main rotor blade strikes
on the tail boom, which caused major aircraft damage. The standard visual
autorotation recovery technique depends on visual cues and depth perception
judgments of the pilot, aided by visual instrument scans (i.e., airspeed, rate
of descent, altimeter indicators) to make a successful landing. Thus, this
type of mishap (hard landings from a practice autorotation) suggests two types
of technology needs -- the use of advanced flight simulators for practicing
emergency procedures, and application of advanced flight control and display
technology to aid the pilot in performing aircraft control functions in
emergency as well as normal operating situations.

This example illustrates the task element analytical approach used by
ORI on a case-by-case basis to assess areas in which technology could be
applied to reduce or eliminate human error related accidents. For 5 of the
mishaps (4.5 percent of the records reviewed), no apparent technology could be
identified as relevant to those specific sequence of events. One or more tech-
nology needs were identified for each of the other 105 mishaps. The technology
needs for each mishap were classified as primary and secondary to facilitate
grouping the mishaps by technology needs. The need was classed as primary if
the sequence of events indicated that the application of an advanced technology
to meet that need would most likely have prevented the mishap. Application of
advanced technology to meet secondary needs could also help to prevent the
accident and may be synergetic with the primary need.

The technology needs identified from review of the sequence of events
for each of the mishaps are aggregated into seven groups. These are:

1. No apparent technology implications. The sequence of events
leading to the mishap occurred in such a wvay that no apparent
applications of advanced technology could reasonably be identi-
fied for a pilot-controlled aircraft.

2. Vehicle design alternatives for eliminating the tail rotor.

15



3. Advanced flight simulators for pilot proficiency training.

4. Advanced flight control and display systems to reduce pilot
vworkload for aircraft control.

5. Obstruction detection devices to enhance human capability and
reduce or eliminate dependence on human vision for detection,
identification, and determination of distance.

Automated monitoring and diagnostic systems to aid the pilot in
monitoring flight-critical systems, reduce cockpit instrument
scan, and provide diagnostic information on conditions affecting
aircraft performance (e.g., power required versus power avail-
able, trends in engine parameters, impending failure/malfunction
warning, etc.).

[«))
.

7. Contingency power capabilities for short use in situations where
exceptional power demands required to save the aircraft exceed
the rated power available.

The aggregation of mishaps into these seven groups is discussed below.

NO APPARENT TECHNOLOGY IMPLICATIONS

Summary of Mishaps

Number: 5 mishaps Aircraft: AH-1S (1 mishap)
(4.5 % of sample) CH-47C (2 mishaps)

UH-1H (1 mishap)

Injuries: No fatalities, UH-60A (1 mishap)

15 nonfatal.

Cost Estimate: $5,328,440
(9.3% of sample)

There does not appear to be any feasible advances in new technology
for alleviating the human error aspects in the events involved in five mishaps
reviewed during the study. Two of these mishaps involved aircraft damage
resulting from pilot actions during ground taxi: 1in one, the Board found that
excess taxi speed resulted in loss of directional control and then actions by
the pilot to regain control resulted in a fuselage strike by the rotor blades;
in the other, the pilot determined that the aircraft had an "out-of-rig" cyclic
condition which caused the aft part of the fuselage to become airborne. Pilot
control reaction then resulted in fuselage impacting with the ground with
sufficient force to cause damage.

The other three mishaps involved loss of aircraft control during steep
turns at Tow altitudes when the pilots attempted to execute flight maneuvers

16



that exceeded the design performance limits of the aircraft. While control
1imiting devices could possibly be used in the aircraft design to preclude
these types of pilot errors, such a design approach would probably place
unacceptable design constraints on aircraft maneuverability.

ALTERNATIVES TO THE TAIL ROTOR

Summary of Mishaps

Number: 6 mishaps Aircraft: OH-53A (3 mishaps)
(5.5 of sample) UH-TH (1 mishap)
UH-1V (2 mishaps)
Injuries: No fatalities,
8 nonfatal

Cost Estimate: $1,763,799
(2.8% of sample)

The common thread of the six accidents summarized above is that the
initial events in the accident sequences probably would not have led to an
actual Class A or B accident but for a secondary tail rotor strike. In one
case, an improperly secured flight jacket left the cabin and struck the tail
rotor system, resulting in loss of both rotor blades and the gearbox. Another
accident involved the separation of an engine cowling with similar conse-
quences. The initial causal event for tuo other accidents involved abrupt
flight actions which led to tail rotor damage. 1In one, the aircraft was
brought to a quick stop in a nose-high attitude, causing the main rotor blades
to sever the tail rotor drive shaft. In the other, an abrupt deceleration led
to a ground strike by the tail rotor. The remaining two accidents involved a
tail rotor tree strike while flying too low and a ground strike as a helicopter
pitched fore and aft during a rearvard taxi at a crowded flight pad.

Assessment of Technology Implications

The vulnerability of the tail rotor to damage from tail rotor strikes
with the ground, trees, parked aircraft, and objects departing the aircraft
during flight is a common design characteristic of the mishaps summarized
above, as well as several mishaps included under other technology areas. This
suggests a technology need for seeking alternatives to the use of an exposed
tail rotor for directional control in single rotor helicopter designs.

Types of New Technology Needs

There is a technology need to develop acceptable alternatives to the
use of exposed tail rotors in helicopter system designs. Advance concept
formulation and proof-of-concept research is required to investigate alterna-
tive methods for yaw control for eliminating the hazards of a tail rotor.
Current state-of-the-art approaches include the Bell Ring Guard, the Aerospa-
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tiale fenestron type ducted fan, the Hughes NOTAR concept, coaxial main rotors,
tandem rotors and tilt rotors. While these approaches are used in specific
aircraft designs, the conventional single rotor helicopter with an exposed

tail rotor continues as the design approach selected for most rotorcraft.

Rationale for New Technology

The tail rotor is commonly used with single rotor helicopter designs
to provide directional control. Although useful for such applications, exposed
tail rotors can be a hazard to personnel walking near the aircraft on the
ground and vulnerable to damage by contact with solid objects. Damage to the
tail rotor seriously degrades flight control. The Public Service Helicopter
Users Workshop in July 1980 at the NASA Ames Research Center identified the
elimination of the tail rotor as a vehicle design technology need to enhance
safety.

ADVANCED FLIGHT SIMULATORS

Summary of Mishaps

Number: 21 mishaps Aircraft: AH-1S (4 mishaps)
(19.3% of sample) TAH-1S (2 mishaps)

CH54A (1 mishap)

Injuries: 5 fatal, 17 nonfatal. JOH-6A (1 mishap)

0H-53A (1 mishap)

Cost Estimate: $13,216,408 TH-55A (1 mishap)
(21.1% of sample) UH-TH (10 mishaps)

UH-60A (1 mishap)

A1l of the mishaps included in this technology need grouping occurred
during practice autorotations (13 mishaps), simulated in-flight emergencies
(6 mishaps), or other pilot proficiency training events. The autorotation
related mishaps covered a range of circumstances. In some, the pilot seemed
to have known the proper procedure to follow, but erred in improperly executing
the maneuver. For example, collective pitch was pulled at too high or too low
an altitude, or the aircraft was not placed in the proper alignment prior to
touchdown. The results were hard or uneven ground impacts and resultant
damage. Other mishaps involved improper choice of pilot control responses
or being in a state of confusion when confronted with a short response time
simulated emergency. Here, the instructor pilot either gained control of the
aircraft too late or simply could not gain sufficient control to prevent
damage. Another set of circumstances involved misjudgment of visual cues.
This typically occurred in night or dusk operations as depth perception became
distorted and the pilot was unable to adequately judge aircraft altitude.

Intervening malfunction/failures in two instances transformed the
simulated emergencies into actual mishaps. One instance involved loss of
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power from a second engine while practicing single engine emergency procedures.
In the other, the engine did not respond to pilot recovery actions during a
simulated engine failure over treed terrain.

In other mishaps, the pilots erred more in the selection of location
for practicing simulated emergencies than in emergency responses. For example,
one mishap occurred while performing a simulated engine failure in a confined
area, which complicated events into an unsuccessful recovery. Another mishap
occurred when the toe of the helicopter skid impacted soggy lumps of sod in a
grassy landing area.

The other two mishaps grouped in this technology needs area were
attributed to pilots with limited flight experience improperly performing
pilot proficiency training events.

Assessment of Technology Implications

Helicopter simulators with visual terrain references offer potential
alternatives to using aircraft for flight proficiency and basic pilot training.

Types of New Technology Needs

Develop the necessary systems technology to facilitate development
and use of practical, cost-effective helicopter simulators for pilot training
in flight procedures, techniques and responses to emergencies. A helicopter
simulation conference sponsored by the FAA in April 1984 identified many
technical problems in high-fidelity simulation that can be divided into two
primary simulator functional areas: motion and vision.® Another problem area
involves the acquisition of accurate data concerning the flight characteristics
of helicopters. A related technology need includes human factors research
into the cost-effectiveness of using simulators to replace aircraft for pilot
training in emergency procedures and basic pilot skills, as well as instrument
flight procedures. Another related technology need includes advances in flight
information displays to eliminate or reduce pilot dependence on visual cues to
accomplish autorotation landings.

Rationale for New Technology

Helicopter simulators can provide a potential alternative to using
aircraft for pilot proficiency training. Advantages in using simulators
include:

a. Pilot errors made while learning basic skills and maintaining
proficiency in emergency procedures do not result in aircraft
and property damage or personnel casualties.

b. Available aircraft time can be devoted to operational use.

6Jensen, David, "The FAA's Simulator Conference in Atlanta," Rotorcraft &
Wing International, July 1984, p. 42.
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ADVANCED FLIGHT CONTROLS AND DISPLAYS

Summary of Mishaps

Number: 25 mishaps Aircraft: AH-1S (4 mishaps)
(22.9% of sample) FAH-1S (2 mishaps)

AH-1G (1 mishap)

Injuries: 8 fatal, 23 nonfatal. OH-6A (1 mishap)
OH-58A (7 mishaps)

Cost Estimate: $15, 394,324 UH-TH (8 mishaps)
(24.6% of sample) UH-TM (1 mishap)

UH-60A (1 mishap)

Most of the 25 mishaps grouped in this technology needs area involved
some combination of adverse environmental condition (fog, dust, snow, etc.)
or terrain (slope, mountain) condition, and divided attention caused by the
adverse condition or preoccupation with some mission function (e.g., communica-
tions, etc.). The mishaps then occurred as pilots became disoriented or simply
were unaware that their aircraft changed from the perceived flight conditions.
The unnoticed drifting and/or descents led to impact with the ground or an
obstacle.

An understanding of the technology implications of these mishaps can
best be characterized through selected synopses of the accident sequences, as
follous:

° Pilot experienced loss of spatial orientation during night
flight under poor visibility conditions. The aircraft was
inadvertently placed in an unrecovered descending turn.

) A change in aircraft stability occurred as the pilot conducted a
system check on the ground in a high wind condition. The air-
craft became Tight on its skids and rolled.

° Visual references were lost during hover due to blowing snow.
Aircraft drift was unnoticed, leading to a tree strike.

) During landing approach, pilot flew into a dust cloud and
encountered a partial brown-out condition. As pilot attempted
to maintain hover position, the aircraft went into an undetected
drift and struck a tree.

° During attempted takeoff from a slope, pilot failed to level the

aircraft properly, resulting in dynamic roll. Pilot concentra-
tion was divided, due to concern over nearby obstacle avoidance.
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] Pilot made compensatory control inputs during flight for an
extended period with extra weight of a passenger and accompany-
ing equipment. When the passenger was discharged, pilot did not
readjust his controls, resulting in aircraft roll on takeoff.

° Pilot was preoccupied with other mission responsibilities during
hover and did not recognize that aircraft was in a rearward,
descending drift. In monitoring instruments, pilot was aware
of altitude above the ground but not tree clearance.

Assessment of Technology Implications

It appears that the effects of errors involving pilot functions and
workload can be reduced by improvements in the capabilities of the flight con-
trol system and display of flight management information. System designs which
require continuous inputs by the pilot to maintain stable flight place signifi-
cant flight control workload demands on the pilot. These demands can impact
on flight safety when human errors occur because of spatial disorientation,
distractions in concentration, impulsive control movements, inadequate communi-
cations/information, misjudgments and improper decisions. The extent to which
advances in technology for flight control systems can reduce pilot workload
and the effects of human error is a consideration for enhancing flight safety.

Types of New Technology Needs

There are apparent needs to assist the pilot in performing flight
control functions in the complete flight profile of the aircraft, including
cruise, hover, taxi, climb, descent, landing and takeoff; particularly for
operations in remote areas under obscured vision flight conditions. These
needs involve advances in technology for advanced flight displays and automatic
flight stability. Flight displays should be developed that provide integrated
information necessary for the particular tasks to be performed during the
various phases of flight. The advanced flight control system should be
developed such that a rotorcraft will continue to operate in stable controlled
flight, including hover and other modes as selected by the pilot, in an auto-
matic "hands-off" control condition, unless maneuver changes are introduced by
pilot inputs, flight profile programs, or sensor systems. Advance flight
control and display system needs include new technology to accomplish safe
operations under reduced vision flight conditions for all phases of operations
and to provide information on aircraft position, altitude, attitude, heading,
airspeed, track and ground speed, and flight path obstructions to safe flight.
These technology needs are perceived as flight management aids for the human
pilot who still has a major role in the overall flight mission.

Rationale for New Technology

Advances in automated flight stabilization systems can reduce pilot
workload and human errors. By relieving pilots of the need to perform con-
tinuous stability control functions, they can focus attention on flight manage-
ment and decision-making functions. The review of accident records in this
analysis, as well as public service helicopter user experiences (i.e., Public
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Service Helicopter Users Workshop in July 1980)7 indicate needs for advances
in control concepts, all-weather capability, multi-functional displays, preci-
sion location/navigation, and capabilities to operate in remote areas under
restricted visibility conditions, including landings on sloping, uneven
terrain,

OBSTRUCTION DETECTION

Summary of Mishaps

Number: 20 mishaps Aircraft: AH-1S (2 mishaps)
(18.3% of sample) CH-47C (2 mishaps)

CH-47C (1 mishap)

Injuries: 13 fatal, 42 nonfatal. OH-6A (1 mishap)
OH-58A (4 mishaps)

Cost Estimate: $11,952,376 OH-58C (1 mishap)
(19.1% of sample) UH-1H (7 mishaps)

UH-1V (1 mishap)
UH-60A (1 mishap)

The mishaps relating to obstruction detection capabilities can be
aggregated into three types of events. These are:

a. The aircraft hit an undetected obstruction during low level
flight. Twelve (12) of the above summarized mishaps involved this type of
situation. Six (6) of these events involved wire strikes. Four (4) involved
contact with objects, such as trees or rocks, which the pilot did not see or
misjudged clearance distance. The other two (2) mishaps involved striking an
object (fence and parked aircraft) on final approach during a low visibility
landing.

b. During ground taxi or hover operations in congested areas,
the pilot did not see or misjudged clearance distance to an obstruction
(pole, wires, parked aircraft) that was struck by main or tail rotor blades
(4 mishaps). In one instance, although another crew member was monitoring
clearance, there was miscommunication between the pilot and guide. A somewhat
similar situation involved a crew member guide for a ground taxi performing
his function inside the aircraft and passing on improper information due to
his misjudgment of distances. A third mishap occurred during a hover taxi
from a crowded ramp. Here, a crew member was monitoring clearances and was
aware that the rotor tip was closing on another aircraft, yet failed to inform

7Helicopter Technology Needs, Public Service Helicopter User's Workshop,
NASA Ames Research Center, July T4-T6, T980, VoTume 1 - Summary, Volume II -
Appendices.
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the pilot of this fact. (Stress was cited by the Board as a probable
contributing factor.)

c. In mid-air collisions (2 mishaps), the pilot lost visual contact
with another aircraft in a station keeping situation or did not detect a nearby
aircraft soon enough to prevent collision.

Assessment of Technology Implications

a. The technology implications for the mishaps involving undetected
obstructions pose a need for medium-range (probably less than two miles)
obstruction detection devices that can inform the pilot of the existence and
relative position of hazards to safe flight. Existing limitations of NVG
(night vision goggles) now being widely used for operations at night in some
mission areas indicate a need for further development of advanced technology
in night vision enhancements.

b. The mishaps involving taxi or hover operations indicate a need
for a short-range obstruction warning system that the pilot can use to deter-
mine safe rotor clearance. Such a system could possibly be set for clearance
distances selected by the pilot to issue a warning if rotor clearance decreased
below the selected threshold.

c. Mid-air collision mishaps indicate a need to detect the existence
and closure rate of other aircraft in the air,

Types of New Technology Needs

a. Develop advance technology in flight path situation displays
and airborne sensors for detecting obstructions to safe low altitude flight.
The airborne sensors should be capable of detecting such obstructions as power
lines, TV towers and wire supports, buildings, trees, and uneven terrain
profiles at sufficient range for safe aircraft flight path direction, either
through an integrated advanced flight control system or pilot-operated con-
trols. Also, further improvements in NVG capabilities are needed to enhance
the pilot's night vision to perform cockpit functions, as well as see outside
the cockpit.

b. A method, other than human visual estimates, to alert the pilot
that rotor clearance to nearby obstructions is less than the required clearance
margin for maneuvering during hover or ground taxi operations in congested
areas. :

c. A method, other than human visual detection, for airborne
collision avoidance and station keeping. The need for an airborne collision
warning and avoidance system is to alert pilots of a collision threat and
flight maneuvers required to avoid collision. The technology need for station
keeping is to assist the pilot in maintaining a safe separation distance during
formation flight. (This technology need is similar to that identified above
in paragraph b.) There is a need to investigate the use of airborne collision
avoidance equipment applications in helicopter operations for such functions
as station keeping, rendezvous, traffic control and collision avoidance, and
precise time command and control functions.

23



Rationale for New Technology

In order to exploit the unique capabilities of the helicopter, there
are both civil and military mission needs for conducting flight operations at
low altitudes which increases the threat of collision with undetected obstruc-
tions and adds to the pilot workload. Examples of civil missions include
police surveillance, fire fighting, agricultural applications, emergency
medical services, and search and rescue. Military flights may use the terrain
environment (trees, gullies, etc.) to mask the presence of combat helicopters
from opposing forces. Such operations are often carried out in remote areas.
However, helicopter rotors are susceptible to severe damage from striking
obstructions on the ground as well as during flight. In addition, the burden
placed on the pilot for visual detection of obstructions to safe flight and
human depth perception for determining suitable clearance for a large diameter
rotor vhile performing other tasks adds to the complexity of achieving safe
helicopter operations. Therefore, the further application of new technology
which can reduce pilot workload and increase the margin for errors in human
performance should enhance flight safety in performing helicopter missions.

AUTOMATED MONITORING AND DIAGNOSTIC SYSTEMS

Summary of Mishaps

Number: 29 mishaps Aircraft: AH-1S (3 mishaps)
(26.6% of sample) CH-47C (2 mishaps)
OH-6A (1 mishap)
Injuries: 7 fatal. 41 nonfatal. JOH-58A (1 mishap)
O0H-58A (13 mishaps)
Cost Estimate: $12,022,725 UH-1H (8 mishaps)
(19.2% of sample) UH-1V (1 mishap)

Review of helicopter accidents indicates that the mishaps in this
technology need area can be grouped as follous:

a. Sequences of events involving actual or suspected in-flight
materiel failures in which the pilot (or crew) misinterpreted or did not
accurately diagnose the cause-and-effect relationships of a problem (i.e.,
source of noise, smoke, vibrations, tachometer fluctuations, etc.). For
example, a materiel failure in an engine transmission caused a fire, seizing
of transmission and ultimate loss of engine power. The crew, however,
misinterpreted the problem, thinking it was an engine fire, and shut down
the unaffected engine, resulting in autorotation due to total loss of power.
Another instance during a ground control approach involved an RPM warning
Tight going on, which the crew misinterpreted as a complete engine failure.
The aircraft was placed into autorotation to land in water. A third instance
involved an aircraft which began to lurch. When an instrument scan revealed
nothing abnormal, the pilot assumed the source of the problem was a failure of
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the main transmission mount. The actual problem was a failure of the Stabili-
zation Control Augmentation System (SCAS).

b. Diversion of pilot attention between cockpit monitoring of flight
instruments and other workload functions (e.q., terrain/obstacle clearance,
lookout, equipment/system checks, weapons use, etc.).

c. Operations near or exceeding the operational performance limits
of the aircraft in which the pilot is unaware of the status of critical flight
parameters or changes in conditions affecting these parameters (e.g., relative
wind, loss of translational 1ift, power available, etc.). Several mishaps in
this grouping involved loss of tail rotor effectiveness, particularly in OH-53A
aircraft (12 incidents), and inability to maintain main rotor RPM in marginal
performance conditions (5 mishaps). The loss of tail rotor effectiveness
typically involved reduction in forward airspeed in a tail wind condition.

The aircraft then went into uncommanded right turns as anti-torque control uwas
lost.

Assessment of Technology Implications

The mishaps addressed in this section indicate a need for improve-
ments in technology to assist the pilot in monitoring the performance of
flight-critical systems, reduce pilot needs for continuous scanning of cockpit
instruments, and provide diagnostic information on equipment performance and
conditions affecting aircraft performance. Dependence on the use of manual
techniques for aircraft performance planning, coordinated performance of
complex flight and mission functions, and reliable diagnosis of in-flight
materiel failures appear to be inadequate for helicopter system designs.

Types of New Technology Needs

Provide advanced technology in automated system monitoring and diag-
nostic information on flight-critical systems and aircraft performance. The
integration of this technology into helicopter system designs should provide:

a. Monitoring of the status and trends in flight-critical systems
without requiring the pilot to continually scan cockpit
instruments;

b. Warning of adverse trends and impending system failures;

c. Correlated information on malfunctions in flight-critical
systems; and

d. An automated diagnostic system for predicting and monitoring
aircraft performance capabilities and power demands to assist
the pilot in operating the aircraft within its performance
limitations.

Rationale for New Technology

Review of helicopter accidents indicates that an automatic aircraft
performance and 1imitation monitor is needed as an in-flight system to improve
the safety margin for missions involving near-limit aircraft operations.
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Furthermore, public service helicopter users expressed a similar technology
need at a July 1980 workshop at the NASA Ames Research Center. In addition,
such a system can reduce human error in diagnosing cause and effect relation-
ships. Sources of unusual sounds and vibrations are sometimes misinterpreted.
Warning lights, while useful, indicate only that a problem may exist. Such
situations can lead to accidents that could have been avoided if the flight
crew had been provided better diagnostic information. Currently, information
on system status is presented to the pilot in "raw data" format that requires
time-consuming pilot interpretation.

CONTINGENCY POWER

Summary of Mishaps

Number: 4 mishaps Aircraft: UH-1H (3 mishaps)
(3.6 % of sample) UH-1V (1 mishap)

Injuries: No fatalities,
9 nonfatal.

Cost Estimate: $2,446,922
(3.9% of sample)

The four mishaps included in this technology grouping all occurred
during operations in mountainous terrain. One case involved an aircraft
clearing a mountain ridge and then encountering another ridge. The pilot
initiated a climb, but the aircraft exceeded maximum torque, resulting in RPM
bleed and loss of effective control. A second case involved a search and
rescue mission along a mountain canyon. As the terrain rose rapidly in front
of the aircraft, the pilot allowed forward airspeed to decrease to zero.
Engine RPM began to bleed and the aircraft began uncommanded right turns.
Effective control was lost and the aircraft crashed. Similar sequences of
events were encountered in the other two mishaps.

Assessment of Technology Implications

The mishaps included in this category of technology needs involved
events in which the margin of power available was small and the pilot encoun-
tered a flight situation in which power requirements exceeded power available.
The events tended to result from inadvertent loss of translational 1ift in
out-of-ground effect situations at or near maximum aircraft performance.

A relevant technology need for such incidents is to provide a contingency
power source(s) of limited duration which the pilot can select in emergency
situations to save the aircraft. In addition to the four mishaps noted above,
a contingency power capability could possibly have prevented five of the
accidents included in the technology area for "Automated Monitoring and
Diagnostic Systems." Those five mishaps were included under a different
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grouping because the sequence of events indicated that the pilot did not know
that the aircraft was operating at or near the 1imits of available power.

For example, an aircraft was loaded in excess of its allowable gross weight,
but the pilot was unaware of this fact. The pilot accordingly miscalculated
the amount of torque available. The pilot's approach in mountainous terrain
became shallow, resulting in an out of ground effect (0GE) hover, which the
aircraft could not maintain in its over gross weight condition.

Types of New Technology Needs

Develop engine technology and/or other contingency power sources for
helicopters that can be activated by the pilot for short-duration emergency
use, even though that event may require follow-up inspections, servicing or
an engine change. The objective of using contingency power is to save the
aircraft.

Rationale for New Technology

The unique capabilities of the helicopter to perform such missions as
search and rescue in remote mountainous terrain contributes to its use in
operations near the limits of available power. Under such conditions, the
safety margin for errors in pilot techniques or capabilities to respond to
in-flight emergencies (i.e., partial power loss) is small. In those situa-
tions, a source of additional power for even a limited time period could
improve aircraft safety. The Public Service Helicopter User Workshop in July
1980 at the NASA Ames Research Center identified emergency power capabilities
as a technology need for helicopters used for public service.

MEETING THE TECHNOLOGY NEEDS

Constant improvements in technology have provided the knowledge base
required for growth in rotorcraft. The preceding discussions in this section
of the report have highlighted needs for advanced technology which, if applied,
could reduce or eliminate human error as a cause factor in helicopter acci-
dents. Such benefits, of course, could be a stimulus for further growth, if
the costs are acceptable to helicopter users. The potential cost impacts of
improvements in technoloy must be assessed with due regard for accident costs.

It is recognized that product improvements are being made by incor-
porating technology currently available which can meet in various aspects some
of the needs identified in this study. Examples of current technology appli-
cations included:

() Multi-function displays;

Electronic flight instrument systems;

Digital automatic flight control systems with three-axis
stability augmentation;

Automatic navigation management systems;

Doppler track and ground speed measurements;

Improved altimeters (i.e., radar and encoding altimeters); and
Crew training simulators (i.e., UH-1H flight simulators, AH-64
Combat Mission Simulators, etc.).
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While product improvements offer potential for improving some aspects
of problems involved in pilot errors, it is apparent that existing technology
cannot resolve the full scope of identified technology needs. The next section
will compare these needs to ongoing and planned research and technology activ-
ities to determine areas where new technology thrusts may be required.
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V. AREAS FOR NEW TECHNOLOGY

Table 5 presents a comparison of the technology needs discussed in
the preceding section with related rotorcraft technology program activities of
NASA, the military services, and the Federal Aviation Administration (FAA).
The synopses of ongoing and planned research and technology (R&T) activities
are based on a review of the 1983 ORI study comparing rotorcraft technology
programs covered in the NASA Aeronautics Program, the DoD Technology Base and
Advanced Technology budget activities, and the R&D activities of the FAA Rotor-
craft Master Plan.8 Organization as well as programmatic relationships were
considered in that comparative analysis of rotorcraft projects. Therefore, the
Joint NASA/Army program activities at collocated Army laboratories and NASA
research centers are listed under the "Integrated NASA/Army" heading. There
are other NASA and Army programmatic activities which were not included under
the integrated project activities. These efforts were included under "Other
NASA Projects" and "Other DoD Projects," as applicable.

The comparison of technology needs identified in Section IV with the
focus of related ongoing rotorcraft R&T activities provides a basis for deter-
mining where new technology thrusts could benefit the further reduction or
elimination of pilot error related accidents. The focus of these new initia-
tives is presented in Table 5 under "Proposed Areas for New Technology
Activities."

8Kirkland, J. T. and Simpson, W. E., Rotorcraft Research and Technology
Program Integration - 1983, TR No. 2207, Prepared under contract for the
National Aeronautics and Space Administration, Washington, D.C., July 1983.
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CONCLUSIONS

VI. CONCLUSIONS AND RECOMMENDATIONS

Based upon the results of this review and analysis of aviation mishap
investigation reports of helicopter accidents attributed to human error, it is
concluded that:

1.

The data base on U.S. Army aircraft accidents at the U.S. Army
Safety Center, Fort Rucker, Alabama, does provide sufficient
documentation of helicopter accidents to identify areas in which
new technology could reduce or potentially eliminate human error
as a cause factor.

There is potential for reducing helicopter accidents by providing
improvements in technology which would:

a.

Enhance the pilot's ability to detect and avoid obstacles
to safe flight during low altitude and hover flight under
restricted visibility conditions.

Reduce tail rotor vulnerability and enhance helicopter
capabilities to operate in remote areas.

Enhance the pilot's ability to better determine altitude
and rate of descent during autorotation.

Provide essential flight information within the pilot's
field of view and eliminate the need to transition to
“head-in-cockpit"” flight instruments during inadvertent
encounters with instrument meteorological conditions (IMC).

Aid the pilot during flight critical situations to avoid
confusion and perform necessary pilot functions.

Monitor flight-critical systems and provide early warning
of impending system failures and malfunctions.

Provide information on aircraft performance capabilities
for existing operating conditions (including power required
and power available for out-of-ground-effect hover).

Provide a source of contingency power.
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Technology areas in which there appears to be a need for new or
increased emphasis include:

Vehicle design (eliminate tail rotor).

Advanced flight simulators for pilot training in emergency
procedures.

Advanced flight control and display systems.

Obstruction detection devices.

Automated monitoring and diagnostic systems.

Contingency power capabilities.

[ =)
. .

- (@ a0

There are some helicopter accidents attributed to human error
which involve human actions for which technology applications do
not appear to be feasible for reducing or eliminating the under-
lying cause. (These actions were described in Section IV.)

Technology exists within the current state-of-the-art which

could contribute to reducing human error as a cause factor in
some types of accidents (e.g., Doppler system jnputs to autopilot
to maintain stable hover under low visibility conditions).

RECOMMENDAT IONS

Based upon the results of the review and analysis, the following
recommendations are made for NASA consideration:

1.

NASA/OAST examine research activities to plan specific tasks for
advancing technologies which can, if applied, substantially
reduce pilot error as a cause factor in helicopter accidents.
Areas for priority emphasis should include:

a. Technology to provide alternatives to use of a tail rotor
for directional control in single rotor configurations.

5. Advanced technology in flight simulators for applications
in pilot proficiency training in emergency procedures.

c. Obstruction detection devices for use in low altitude
operations.

d. Automated monitoring and diagnostic systems to monitor
trends in flight-critical systems and provide the pilot
J4ith in-flight information on aircraft performance capa-
bilities (e.g., excess power available, tail rotor
effectiveness, etc.).

e. Contingency power capabilities for application in flight
situations where short-term excess power demands could
result in loss of the aircraft.

f.  Advanced flight control and display systems to reduce pilot
workload in performing flight control functions and support
safe operations in both congested and remote areas under
obscured vision flight conditions.
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NASA, in coordination with the U.S. Army, investigate human
factors aspect of pilot techniques which may involve attempts
to knowingly operate an aircraft outside the design flight
profile capabilities of the aircraft.

NASA, in coordination with the FAA, military services, and civil
helicopter users, establish a task force to investigate the
relationships between required pilot workload and human error as
a cause factor in helicopter accidents.
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APPENDIX

DATA FORMS FOR TECHNICAL REPORT
OF HELICOPTER ACCIDENTS
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TECHNICAL REPORT OF HELICOPTER ACCIDENT
SUMMARY

1. CLABSIFICATION

2. TYPE EVENTS

3. TIME OF DAY

Oo QO

Oa Os Uc [ Js. |e. 1 Ooawn 2 0oav 3 Dousx 4« Onigur
& & MISSION, TYPE, DESIGN, SERIES 10e. ESTIMATED COSTS OroraL Loss
ACPY DAMAGE COST]S |
mEPAIR WHRS | s
OTHER DAMAGE WL |8 OWNER
OTHER DAMAGE CIV |8 OWNER
8. TOTAL NUMBER OF AIRCRAFT INVOLVED INJURY COST 8
[TOTAL COST THS ACFT|s
b TOTAL COST MULTIPLE ACFT !VINTT‘
11. SUAVIVABILITY 12. INFLIGHT ESCAPE 13, FIRE l". POST CIA.“& PUEL LB FUBL
1. O survivasLe 1. O esecmion o. [J none Escare s AT TAKE OFF
2 OranTiaLLy suav 2 O saiLour 1. Ower OIFFICULTIES
3. O nonsunvivasLe 2. O not accomrr. | 2. Orosr 1. O vas
4. O acer missing 4 O na 3. Oorrer 2. O wno
16. FLAMMABLE FUEL SPILLAQE 17. CLEARANCE 19. INJURIES (Number) FATAL [DISABL-| NONDIS- | MISSING, NOT
NONE o Ol ven o O ING ABLING Hl:t::o WJURED
FUSL + O e 1 0O A s | .0 " 3
ENGINE OIL 3D O| wone 2 O le. OCCUPANTS MILITARY
MYDRAULIC FLUID 3 -y PANT
TRANSMISSION OIL « O] LOCAL o O - ::::ccu:;fn“!a:u
CARGO s O ITINERANT 1+ OO o NON-OCCUPANTS OTHER
UNDETERMINED » O 7 wssion k. TOTAL THIS ACFT
OTHER (Specify) s+ O . MULTIPLE ACFT EVENT
1 20. TERRAIN OF CRASH SITE {Mory then one mey apply)
'a GEN CHARACTERISTICS 5. AT MISHAP SITE . SUAFACE AT MISHAP SITE d. OBSTACLES AT MISHAP SITE
16 Omountain 08 O rrar 120 wved o' Orneraneo o8 Oice 17 Ostumes os Orness
13 O osseny TERARAIN 07 O sLore 02 Osoo 16 O snvow 100stoa 18 Owines
11 O noLuing 08 O waren 03 Osoaay 18 Owarsn os OnockssourLoens se JoTmen
21. FLIGHT DATA
EFLIGHT PHASE OF ALTITUDE AIRSPEED | HEADING | AiRCRAST | DENSITY [OVERG
: DURATION OPEMATIONS [“2aL T weti KIAS (Compess) | WEIGHT |ALTITUDE [ 5e Ino
s PLANNED HA
™S
& WHEN EMERGENCY WA
OCCURRED T~s
« ACCIDENT SEQUENCE | MA
TEAMINATION ™S
22 ACCIDENT CAUSE FACTORS (Enter ¢ D" or “8" in approprists dlochs to ldentlfy dafinite or cted couses
[ PERSONNEL | PERSONNEL (Continued)
(1) FLIGHT CREW: ouTY (3) SUPERVISORY ouTY
ouTY ouTY
ouUTY (8) OTHER DuUTY
(2) GROUND CREW: ouTY b MATERIAL FAILURE/MALF UNCTION
ouTY o ENVIAONMENTAL
23. SEQUENCE (Ener e L y of eccident from onsst of emergency through lerminstion of flight)

24, REPORT NUMBER

MODIFIED FORM 1-R
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TECHNICAL REPORT OF HELICOPTER ACCIDENT
FINDINGS OF ACCIDENT BOARD

1. FINDINGS

{Attach edditional sheet, if required)

. SUMMARY OF ACCIDENT CAUSES, SYSTEM INADEQUACIES AND RECOMMENDATIONS

a PERSONNEL ERRORN

ILY’TEM INADEQUACG!ES

-

OUTY COOE

TASK ERAOR COOE

b PEASONNEL ERROA

OUTY CODE

TASK EAROR CODE

e PERSONNEL ERROR

oUTY CODE

TASK EARORA CODE

d MATERIAL FAILURE/MALFUNCTION

FAILURE CODE

o ENVIAONMENTAL

ENVIRONMENTAL CODE

wlulule|e|v]|sle|e|v]lu|w]|ejus]|s

oo js |a|a|afjaja]|a|as]|ajala]s

AASAGRHEERANE AR

SEAHARNANAEEREN

3. REPORT NUMBER:

MODIFIED FORM 2-R
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TECHNICAL REPORT OF HELICOPTER ACCIDENT
NARRATIVE

1. NARRATIVE ACCOUNT OF INVESTIGATION

2. REPORT NUMBER:

MODIFIED FORM 3-R
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TECHNICAL REPORT OF HELICOPTER ACCIDENT
WRECKAGE DISTRIBUTION DIAGRAM

SHOW MAJOR GOUGE MARKE, DISTRIBUTION OF WRECKAGH, OBSTACLES, OIRECTION OF NORTH, WIND O
VELOCITY, POBITION OF WITNESS, ETC.  4(,qqa8TED SCALE: 1~ EQUALS 40° ACTUAL SCALE: 1" EQUALS

1. ORID:

2. REPORT NUMBER:

MODIFIED FORM S-R
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TECHNICAL REPORT OF HELICOPTER ACCIDENT
IN-FLIGHT OR TERRAIN IMPACT AND CRASH DAMAGE DATA

1.

INPLIGMT COLLIBION KINEMATICS AT INSTANT OF IMPACT

& AIRSPEED AT IMPACT (Knots)

b. VEATICAL SPEED (Feaf per minute)
Our Ooown

WIND VELOCITY AT IMPACT (Knote)

d. WIND DIRECTION AT IMPACT (Degrees)

FLIGHT PATH ANGLE (Degrees)

Our Ooown
s OBSTACLE IDENTITY AND LOCATION
COLLISION HEIGHT ABOVE
OBSTACLE QROUND (Peet)
1) Clsinos
2 Oamcnarr

3 Q!I RES/CABLES

1. INFLIGHT ATTITUDE AT IMPACT

(3) PIYCM
M.I.l!\

(B ROLL
ANOLE

KN

Oc On

Oue Ovpowwn pearess

(¢)  DOvenicLes

evoldance

. OSSTACLE CONSPICUITY (Within
21 wes obs

distencs from pilots posi-
tion, ths obstecis in ite sur d)

Ymge
9) Olovnen 1) Ucomererery 2 UrantiaLLy 3 Unor osscunep
h. OBSTACLE STRIKE SEQUENCE |._WIRE OR CASLE DESCRIPTION
tv DOrmor/moron ) iwn NOSE/GUN TURRET TYPE DIA IN INCHES | wO. STRUCK
2 DOmroror masT tn  Ocanoing gear (1) POWER TRANSMISSION
@ OraiLmoron ® Owing {2) TELEPHONE OR TV
@ DOraisoom 9 Oemeennace (3) SRACING (Cuy/Bupport)
® Owinoscazen/ 1o - OorrHer @peciry) (4) OTHER (Specify)
CANOPY {8) WIRE PROTECTION SYBSTEM INsTALLED Ulves Unwno
Z TERRAIN COLLISION KINEMATICS AT INSTANT OF MAJOR IMPACT
= GROUND SPEED AT IMPACT (Knot) 5. VERTICAL SPEED (Foet por minuts) .
Duwe Ooown
e FLIGMT PATH ANGLE (Degrees) . d INDICATE BY CHECK MARKS WHICH TWQ OF THE THREE PRE-
Our Ooown CEEDING PARAMETERS (4, b, c) ARE THE MOST ACCURATE.
e IMPACT ANGLE (Dugrees)
« O ». O « 0
. ATTITUDE AT MAJOR IMPACT
(RIN (R g ] (B AROLL
m (% )
' b ~
oeanees Ouw DOoown DEGREES Owerr Origer  oecnees Ocesr Onianr
Y MOTATION AFTER MAJOR IMPACT
o DID AIRCRAFT ROTATE ABOUT ANY AXIS AETER THE ASOVE MAJOR IMPACT (If yes. complete itema b, ¢, and d)
Oves DOw~o Ounknown
NOTATIONS
degress) LERT |IGHT
AIRCRAEY AXIS
b ROLL
e YAW
d FORWARD NOSE OVER (Degress)
4. IMPACT FORCES RELATIVE TO AINCRAFT AXES (G's)
a VEATICAL (G's) » 5. LONGITUDINAL (G'%) » c. LATRRAL (G') .
O O cown Oeone O aer Ouerr Onigur
5. REPORT NUMBER:

MODIFIED FORM 6-R, Page 1
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7. FUSELAQE INWARD OEFORMATION OR COLLAPSE AND INJURAY RELATIONSHIP (Check appropriate doxes)

SPECIFIC AREA OF DEFORMATION (8) FUSELAGE DEFORMATION
AMOUNT OR TYPE ON COLLAPSE PR
FUSELAGE AREA OF DEFORMATION . OOUCED/CONTRISUTED TO INJUAY
n orwerd Mid Reosr d T L]
OR coLLarPsE Coeckpit |Cabin Ares [Cabin Ares | Cabin Aren| Ceckpit c-::::r‘u c-bln‘An. c.blnn-
) {2) (3) (4)
UP TO 1 POOT
o ROOF MORE THAN 1 FOOT
LESS THAN 3 FEEY
MORE THAN 3 PFEET
o LEFT SIOE UP TO 1 FOOT
MORE THAN 1 FOOT
c MIGHT SI108 UP TO t FOOT
MORE THAN 1 FOOT
o NOSE UP TO 1 FOOT 3 R
MORE THAN Y FOOT 2 M w
o FLOOR UP TO 1 FOOT
MORE THAN Y PFOOT|
f. FLOOR, (Locsl VERTICAL
deformation under SIDEWARD
wats)
PORWARD/REAMVA
[ S LARGE COMPONENT DISPLACEMENT (Chech approprists bozes)
PENETRATED/ENTERED
COMPONENT DISP'L'A,CED Tonl(d;l!!
COCKMT CABIN
(£ 1) (L1}
8. TRANSMISSION (Forwerd or mein)
b TRANSMISSION (Reer)
e ROTOR SLADE (Forwerd or mein0
d. ROTOR SLADE (Rewr)
s. LANDING GEAR (Bpecity locstion)
1. OTHER (Specify)

s POSTCRASH FLAMMASLE FLUID SPILLAGE
a EQUIPPED WITH CRASHWORTMY b. If SO EQUIPPED OIO BREAK-  |o. AMOUNT AND TYPE FLUID SPILLED (Check box)
FURLBYSTEM AWAY VALVES SEPARATE GALLONS ENGINE FUSL oI HYDRAULIC FUID
O ves Owno O ves Owo o -
e DID FLAMMASLE FURL d. WAS AIRCRAFT RQUIPPED T - 2
SPILLAGE OCCUR WITH FIAE RESISTANT
HYDRAULIC BLUID 2- 10
O vas 0O w~o O vas O wo 10 - 20
20+
1. BPILLAGE SOUNCE
PART PART NAME, TITLE, NOMENCLATURE MANUFACTURERS NO. NSN
(1) CELL/TANK/RESERVOIN
| (2) FILTRER
{3) FITTING
{4) #LUID LINE
{8) VALVE
{8) SREAKAWAY VALVE
(7) OTHER @Bpeciry)

10. AEMAAKS

11. REPORT NUMBER:

MODIFIED FORM 6-R,

Page 2
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TECHNICAL REPORT OF HELICOPTER ACCIDENT
PERSONAL DATA

AOLE OF THIS INDIVIOUAL

s COMMITTED EMAQOARS THAT CAUSED/CONTRIBUTED TO

b. AT CONTROLS WHEN ACCIDENT

. DUTY STATUS

ACCIDENT OCCURRED
(v OoeriniteLy n Ono mOves 210Ono t1yOon oury
120 Osusrecren 19} Ounknown 2 0oer puty
2. BACKGROUND DATA
s AP o j. HOURS WORKED LAST 72 HOURS
. g k., DUTY HOURS REMAINING THIS DAY AFTEN
c. HOURS SLEPT LAST 24 HOURS ACCIDENT OCCURRED
d. MOURS SLEPT LAST 48 HOURS I. HEIGHT (Inches)
e HOURS SLEPT LAST 72 HOURS ™. WEIGHT (Pounds)
1. HOURS AWAKE PRIOR TO ACCIDENT n. AGE
8 HOURS DURATION LAST SLEEP PERICD o. HOURS ELOWN LAST 24 HOURS
h. HOURS WORKED LAST 24 HOURS b. HOURS FLOWN LAST 48 HOURS
L HOURS WOAKED LAST 43 HOURS Q. HOURS FLOWN LAST 72 HOURS
3. CREWMEMBER DATA
o CUrRABODSLMMNDDy ©. MTDS AIRCRAFT FLOWN LAST 80 DAYS ASP/IP ™
D AVERATEOLMMOD) @
C AT MNMDEY )
d. WAIVERS 0. MTOS AIRCRAFT QUALIFIED/CURRENT IN 1)
Oves Owo 2
e FAC F]
v+ O 2 O 3 0O messsesmy a. ATM TASK NUMBER ASSOCIATED WITH INITIAL
TS INDICATION OF EMERGENCY
v O 2 0 3 0O msessnsy (1) LAST PEREORMED MINNISO®? (107 ths S ince)
o 40w P r——— (2) NUMBER OF ITERATIONS
N, AR Rl ENDY r. ATM TASK NUMBER INVOLVED IN RESPONSE TO
P e———— = ety %‘ EMERGENCY
| oe — (1) LAST PERFORMED ammasames (Mo r ths Since)
k. MOST RECENT EVALUATION FLIGHT IN MISHAP (2) NUMBER OF ITERATIONS
MTOS AINCRAFT MRS (Months Since) e POST-ACCIDENT FUIGHT MR ( Ve - s )
RESULT :
L NVG QUALIFIED t POST-ACCIDENT MEDICAL EXAMINATION/AUTOPSY
QOves Ow~o AN (Yes, No )
mied 0 we O AEQUIRED LAS TESTS ACCOMPLISHED
wmre O vrO Dves Cno
n. PRIMARY AIRCRAFT MTDS u. LOWPRESSURE/HIGH ALTITUDE CHAMBERN
DOves Ono
v. EJECTION SYSTEM QUAL LIVES Ono
a4 FLYING EXPERIENCE
TYPE EXPERIENCE AND TIME FIXEO WiNG ROTARY WING roray EATHER MISHAP AlnCRAFT
SINGL ENG MULTI ENG SINGL ENG MULTI ENG INST DESIGN SEMIES
s INSTAUCTOR PILOT
b PILOT
¢ COPILOT
d. CIVILIAN PILOT
e TOTAL TIME
1. COMBAT TIME
£LT SIMUL/BYNTH TRAINER !
A TOTAL TIME LAST 20 DAYS
L_TOTAL TIME LASY 80 OAYS
MONTHNLY FLIGHT HOURS PAST 12 MONTNMS L
(1 ) OPETNYarier s | w—| c— e | — c— c— c—| —— | e——— ] em——|THI$ MO.
(2) HOURS
5. REPORT NUMBER:
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MAINTENANCE AND SUPPORT PERSONNE L DATA

=

0. MOS VERIFICATION

(1) DATE AWARDED {2) sOURCE msar Oeo O~o co
(Y THS SINCE
(mon )| Oour Darr (2) OEFINE TASK PERFORMANCE
Oecivicexe Ounx Oconraecr Oinconnect DOna

| 5. SMOS 1 {3) PERCENT GO ON SCOREASLE UNITS
(1) DATE AWARDED (2) SOURCE (4) OVERALL PERCENTILE %
ey (moNTHS SivcEl O o Oarr (s) saT waiveneo Oves Owno
DOaivicexe Ounx 1. CIVILIAN JOB SERIES OR TITLE

comos |
d. DEFICIENT TASK NO. 1 (1) TASK RELATED TO JOB DESCRIPTION

(1) oMOS meLATED [lves Owno Oves Ono

(2) TASK INTERRUPTED OR DELAYED (2) PERFORMANCE STANDARDS FOR TASK

Dves Ow~o Oves Dwo
s LABORATORY TESTS
TYPE TEST SPECIMEN TESTED _ |mESuLTS | NAME OF DAUG
a CARSON MONOXIOR Tre ]
5. ALCOHOL
c ORUG SCREEN
d. OTHER
Y HISTOAY OF DESEASES/OEFECTS
METHOD OF DISCOVERY WAIVERS
DIAGNOS1IS ANL {14 AUT- OTHER AUTH e VOSSP DE-SuOen
Py | cCALL | orsY
22X
10. REMARKS
| |
11. REPORT NUMBER:
R
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TECHNICAL REPORT OF HELICOPTER ACCIDENT
INJURY/OCCUPATIONAL ILLNESS DATA

1. DEGREE OF INJURY
. LJFATAL d. LILOST WORKDAY CASE (Deys ewey from work) 5. LIFINST AiD ONLY
b OPERAMANENT TOTAL DISABILITY o. CJLOST WORKDA Y8 (Deys of restricad work sctivity)
¢ OPERMANENT PAATIAL DISARILITY 1. CINONFATAL WITHOUT LOST WORKOAYS v, Omissing & prEsUMED DEAD
Y NUMBER OF LOST WORKDAYS
a DAYS AWAY FROM WORK o Davs HOSPITALIZED | e oavs mesTmicTED ACTIVITY
3. UNCONSCIOUS 4. AMNESIA
s HAS  |b MIN o OreTmocrane:  wns MiN 6.0 ANTEGRADE: _ HRS MIN___ Je. CINONE
s cmg;ms
INJURY INJURIES £ MECHANISM CAUSE FACTORS ¥
$€Q 500V | cgrece [BOOY RON] TRIUNY To rins v UBASC USE
- | negion auaLFIEN o To0E, F fcoet) ACTION |auauren|sussect | acTion Jauaurien Todhird
. b Y Y Py £, » n i L k. i -
11 | 1 11 | ] | | | I
1 1 ] ] 1 1 ] ] ] |
) | | [ 1 I | ] | 1 I
[ ] 1 | 11 | | 1 1 ] 1
11 | | L1 L 1 1 | | ]
6. AEMARKS (Use sdditionel sheet if required)
7. AUTOPSY PERFORMED
aOves o.0Onvo - e OemotocoL arracueo a. OwiLe e rOrwanoED
& CAUSE OF DEATH 9. DUTY STATUS
o Oon oury o. Jorr oury
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TECHNICAL REPORT OF HELICOPTER ACCIDENT
PERSONNEL PROTECTIVE/ESCAPE/SURVIVAL/RESCUE DATA

————

1- B0 THIS INDIVIDUAL SUSTAIN AN INJURY OR OCCUPATIONAL ILLNESS BECAUSE OF ACC DENT Oves  Uno

2.

PERSONNEL PROTECTIVE/RESTRAINT/BUAVIVAL EQUIPMENT

ITEM

\ODUC1 pPAE. . FUNC-
ne. AVAIL. D, AL ne INFORMATION
n [VENTEO| DUCED [TIONED
QUIRED ABLE 3‘3%% INJURY |INJURY [AS OF cooes

[§}) 2) 3) (4) (8) (8) (k) (8) 9 (10)

TYPE NEEDED USED

FEm

HELMUT

VISOR

GLASBES

FLIGHT SUIT

FLIGHT GLOVES

FLIGHT JACKET

80078

. OTHER CLOTHING

LAP BELT

SHOULDER HARNESS

GUNNER HAANESS

INERTIA REEL

m. SEAT/LITTER

SURVIVAL EQUIP

3. PERSONNEL EVACUATION/ESCAPE INFORMATION CODES

L Y

METHOD OF ESCAPE

LOCATION IN AIACRAFT

EXIT ATTEMPTED

EXIT USED

AIRCRAFT ATTITUDE DURING ESCAPE

COCKPIT/CABIN CONDITIONS

ESCAPE DIFFICULTIES

Jrlei~[r(r[r|¥

LAPSED TIME FOR RESCUE

DATE HOUR OF DAY|LAPSED TIME|S. DISTANCE FROM ACCIDENT TO ACTUAL
MM Do HR MIN HA MIN RESCUE VEHICLE AT TIME OF ACCIDENT

NOTIFICATION OF RESCUE PERSONNEL

& TO AIRCRAFT IN NAUTICAL MILES

INDIV PHYSICALLY REACHED

INDIV ACTUALLY ABOARD RESCUE VEM b. TO GAOUND VEHICLE IN STATUTE MILES

RESCUE COMPLETED/ABANDONED

PEASONNEL SURVIVAL/AESCUE INFORMATION CODES

SURVIVAL PROSLEMS ENCOUNTEAED

MEANS USED TO LOCATE INDIVIDUAL

RESCUE EQUIPMENT USED

FACTORS THAT HELPED RESCUE

FACTORS COMPLICATING RESCUE

INDIVIOUAL PHYSICAL CONDITION

e|=Irinlr[rlri®lalr o I»

VEMICLES ACTUALLY PERFORMING EVAC (Specify)

h. OTHER VEHICLE ASSISTING IN RESCUE (Specify)

7. REMARKS (Use edditionsl sheet, if required)
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TECHNICAL REPORT OF HELICOPTER ACCIDENT
WEATHER DATA

1.

ROLE OF WEATHER

o. DEFINITE p| | suseecTED s! ]c. nonE w]  Ja unDETERMINED z]
2 GENERAL DATA AT TIME OF OCCURRENCE
e TEMPERATURE (degrees Cent.) | Jo. ALTIMETER SETTING (HG) [c ALTIMETER READING (Feet)
3. 8K Y CONDITION ACCIDENT SEQUENCE 6. AIRCRAFT ICING ICING SEVERITY
ITIAL ot e [ouming|ens OR | ves o = TRace | Lgwr | MOO
e ey [ERGENCY|DESCENT| TERMA- ves 1 0 emate PEVERE
TION (81} 2 (3) (4}
s OcLean 01.  MAIN MOTOR BLADES
b. DscaTremen ( toet) 02. WINGS
¢ Qsmoxen t toet) 03. PROPELLERS
a PovemcasT ( toet) 04, CONTROL SURFACES
e —XPARTIAL OBSCURATION 05. MOTOR HEAD
. X OBSCURATION 08. TAIL ROTOA
x. UNKNOWN 07. FUSELAGE
a, HORIZON 08. PITOTSTATICSYSTEM
a VISIBLE 09. CARSURETOR
b PARTIALLY OSSCURED 10. ENGINE AIR INLET .
e OBSCURED 11.  FUEL VENTS
8. VISIBILITY (Neut. miles) 12.  ANTENNA
8. OBSTRUCTION TO VISION 13.  WINDSCREEN
s NATURAL 98. OTHER (Specify)
01, OUST
02. FOG 9. SIGNIFICANT WEATHER ACCIDENT SEQUENCE
{A meximum of three may be
0. GROUND FOG selected) INITIAL |[AT EMER{DURING | ACCID-
04. MHAZE INOIC OF [GENCY |DESCENTIENT OR
EMERG TERM
0s. ICE FOG INATIO
08. SMOKE 01.  HAIL
07. SLOWING DUST 03. SLEET
08. BLOWING SAND 05. ICE CAYSTALS
08. SLOWING SNOW 08. ODRIZZLE
00. NONE 07. RAIN
98. OTHER rSpecify) 09. SNOW
12, LIGHTNING
b INDUCED (Rotorwash, stc.) 13. THUNOEAR STORM
01.  BLOWING SNOW 1a. FMEE2ING DRIZZLE
SLOWING SAND 15. FREEZING RAIN
BLOWING DUST 16. GUSTY WINDS
SLOWING SPRAY 97. UNKNOWN
. NONE 00. NONE
98. OTHER (Specify) 8. OTHER (Specify)
?. WINDS 10. TURGULENCE
a ALOFT (Atenroute sititude) NONE © UJ (If “YES" enter below “C" for continuous, “I"* for
N(1) DIRECTION (Degrees Mag.) (2) VELOCITY (Kt} YES s [J Intermittent, and “0™ for occesionsl)
s LIGHT
b. SURFACE WINDS b. MODERATE
(1) LANDING DIR. (Degrees Mag.) (2) SBURFACE WIND DIR, ANO . SEVERE
VARIANCE (Degrees Meg.) o EXTREME
(3) SURFACE WIND VELOC!ITY AND GUST SPREAD (Kt) . FORECAST
cormect ¢ [J  incommecT 1 3 unknown v O

12 REMARKS (Use additional sheet If required)
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TECHNICAL REPORT OF HELICOPTER ACCIDENT

FIRE DATA
1. PIAE STARTED (Check D — Definite 8 — Suspecied) © | 8 |4 IGNITION SOURCE (Continued) [ T‘
8 INFLIGHT }._SHORT CimCUIT
8. UPON IMPACT (Less than | minute) k. LIGHTNING
. UPON IMPACT (More then 1 minute) 1. s;:-"c ELECTRICITY
4 OURING REFUELING m. OTHER (Specify)
y. OTHER (Specify) n._unoeTERMINED [
r_unoeteamineo U 5. COMBUBTIBLE MATERIAL o[s
2. INDICATIONS OF FIRE (More then 1 Mey apply, enter 1, 2 or 3 to show . MAIN PUEL
sequence)
b. AUXILIARY PUEL
o. Orine wanningsysTem o Osmecte c. MYDRAULIC FLUID
6. OoTHER INSTAUMENTS o OexeLosioN Mound) d. ENGINE OIL
¢ Osianr t. OexternnaL commo s. TRANSMISSION OIL
y. TJOTHER @peciry) 1. ELECTRICAL INSULATION
3. Lﬂlmel. A:‘D ’,ﬂ‘loN'Cl:Al‘.‘l.gCA‘Tl.O_N O: F:ﬂ! {Enter 1 to indicate g ACOUSTICAL MATERIALS
4 o ls h. METAL (Specify)
Q1. ENGINE SECTION .. ExPLOSivESs
CTION J. UPHOLSTEAY MATERIALS
0. COCKMT k. CARGO
04, TAIL ASSEMBLY m EXTEANAL MATERIAL fSpecity)
05. PASSENGER SECTION Y. OTHER (Specify)
08. OXYGENSYSTEM . UNDETERMINED [)
07. SAGGAGE COMPARTMENT 6. FIRE EXTINGUISHING SYSTEM b. AIRCRAFT
08 EXTEANAL STORES SYO [insT. [ronT
00. FLARE POD (1) NO EFFECT WHEN DISCHARGED
10. ROCKET POD 2)  ACTIVATED, SUT DIO NOT DISCHARGE
11. AMMUNITION STORES {3) MEDUCED FiRE
12. AVIONICSECTION 14)  EXTINGUISHED FIRE
13. APU (8) __NOT ACTIVATED AND NOT NEAR FIRE
14. WHEEL WELL (6) __NOT ACTIVATED, BUT NEAR FIRE
16,  WHEEL BRAKE (1) NOT INSTALLED
6. TAILPIPE : 7. FIRE/BMOKE DETECTION SYSTEM ves [no [ uN.
17.  INSTRUMENT PANEL 1 2 »
10 BATTERY COMPARTMENT o SYSTEM INSTALLED
19. JUNCTION 80X b. WARNING SYSTEM OPERATED PROPEALY]
30. HEATER COMPARTMENT c. SENSORS WITHIN RANGE OF
21. FUBL CELL 8. EFFECT OF EMER SHUTOFF PROCEDURE (Enter D, 8, or Unk)
22.  WING €N | Fuey Jecect]
23. GUN TURRET o EXTINGUISHED FLAME
24, TAIL SOOM b. MEDUCED FIRE
28. CARGO SECTION ¢ NO EFFECTS
26. TIRES d. NOT ACCOMPLISHED
98 OTHER (Specity) s USED FAULTY PROCEDURE
9. UNDETEAMINED L) 8. GENERAL DATA
4. IGNITION SOURCE Dl s a EST OF AIRCRAFT FIRE DAMAGE (Excl of impect demage)
a EXHAUST FLAMES 1) Oo-28% (20 02e-s0% (31 Os1.78% (41 O7re.100%
b SPARKS, FRICTION, s.g. SKIDDING 5. FIRE DIMENSION: TO CLEAR FIRE, AIRCRAET OCCUPANTS
e ELECTRICAL SPARKS HAD TO MOVE (Feet):
d. HOT SUREACES, s.s. EXHAUST DUCTS ¢ TOXICITY: WAS THERE EVIDENCE OF TOXIC PRODUCTS.
e AIRCRAET SUBSYSTEM 01 ves  Oo NO (17 yes, neme. co, ete.):
1. AIRCRAFT OCCUPANT, s.g., LIGHTED CIGAR d. DISTANCE TO NEAREST AVAIL MIL FIREELIGHTING EQUIP-
s EXTERANAL OF AIRCRAFT, e.p, GRASS FIRE MENT (1) AIRMILES (NN): (2) ROAD MILES BM):
N CARGO _ o 18 AIRCRAFY EQUIPPED WITH CRASH RESISTANT [J1 ves
L EXPLOSIVES N mrveLceers Ov ves Oo wo  rueL Lines Do no

10. REMAAKS (Un Ssparete sheet of paper)
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TECHNOLOGY FACTORS

1. ASSESSMENT OF TECHNOLOGY IMPLICATIONS (Use additional sheet, if required)
2. TYPES OF NEW TECHNOLOGY NEEDS

3. RATIONALE FOR NEW TECHNOLOGY
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